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(57) Abstract: A balloon catheter (10) having a multi-layered balloon (14) which has a first layer (30) and at least a second layer
\& (31), and which has noncompliant limited radial expansion beyond the nominal diameter of the balloon. By selecting the polymeric
\f) materials forming the balloon layers, and arranging and radially expanding the multiple layers of the balloon in accordance with the
invention, a balloon is provided having an improved low compliance, preferably in combination with high flexibility and softness.
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NON-COMPLIANT MULTILAYERED BALLOON FOR A CATHETER

BACKGROUND OF THE INVENTION

The invention relates to the field of intravascular medical devices, and more
particularly to a balloon for a catheter.

In percutaneous transluminal coronary angjoplasty (PTCA) procedures, a
guiding catheter is advanced until the distal tip of the guiding catheter is seated in
the ostium of a desired coronary artery. A guidewire, positioned within an inner
lumen of an dilatation catheter, is first advanced out of the distal end of the guiding
catheter into the patient’s coronary artery until the distal end of the guidewire
crosses a lesion to be dilated. Then the dilatation catheter having an inflatable
balloon on the distal portion thereof is advanced into the patient’s coronary
anatomy, over the previously introduced guidewire, until the balloon of the
dilatation catheter is properly positioned across the lesion. Once properly
positioned, the dilatation balloon is inflated with liquid one or more times to a
predetermined size at relatively high pressures (e.g. greater than 8 atmospheres) so
that the stenosis is compressed against the arterial wall and the wall expanded to
open up the passageway. Generally, the inflated diameter of the balloon is
approximately the same diameter as the native diameter of the body lumen being
dilated so as to complete the dilatation' but not overexpand the artery wall.
Substantial, uncontrolled expansion of the balloon against the vessel wall can cause
trauma to the vessel wall. After the balloon is finally deflated, blood flow resumes
through the dilated artery and the dilatation catheter can be removed therefrom.

In such angioplasty procedures, there may be restenosis of the artery, i.e.
reformation of the arterial blockage, which necessitates either another angioplasty
procedure, or some other method of repairing or strengthening the dilated area. To
reduce the restenosis rate and to strengthen the dilated area, physicians frequently
implant an intravascular prosthesis, generally called a stent, inside the artery at the
site of the lesion. Stents may also be used to repair vessels having an intimal flap or
dissection or to generally strengthen a weakened section of a vessel. Stents are

usually delivered to a desired location within a coronary artery in a contracted
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condition on a balloon of a catheter which is similar in many respects to a balloon
angioplasty catheter, and expanded to a larger diameter by expansion of the balloon.
The balloon is deflated to remove the catheter and the stent left in place within the
artery at the site of the dilated lesion.

Catheter balloons are typically manufactured independently of the catheter
shaft and then secured to the catheter shaft with an adhesive or other bonding
method. In standard balloon manufacture, a polymer tube is blown biaxially under
the action of axial tension, internal pressure, and heat within a mold. The polymer
tube may either be simultaneously stretched in the radial and axial directions, or
sequentially, by first stretching axially and then radially. The starting dimensions
of the polymer tube and the finished dimensions of the blow-molded balloon within
the mold are a measure of the degree to which the polymeric material has been
stretched and oriented during balloon blowing, and affect important characteristics
of the finished balloon such as rupture pressure and compliance. The blow-up-ratio
(BUR), namely, the ratio of the outer diameter of the blown balloon (i.e., the mold
inner diameter) to the inner diameter of the polymer tube, is a measure of those
dimensions. Beyond a critical BUR for a given polymer, the balloon blowing
process becomes unstable and the polymer tubing often ruptures or tears before a
balloon is fully formed.

In the standard blow molding process, an initiated bubble rapidly grows in
diameter until it is constrained by the mold wall. The hoop stress in the wall of the
tubing, as it grows into a balloon, may be approximated by the expression:

on=(P - R)/S

where P is the inflation pressure, R is the mean radius of the polymeric tube
at any time during the inflation and 8, delta, is the wall thickness of the tubing. For
a balloon to be initiated from the tubing, the inflation pressure should be such that
the wall hoop stress exceeds the material resistance (typically the yield stress) to
stretching at the blowing temperature. Once a balloon is initiated from the tubing, it
grows rapidly in size until it touches the mold wall. As the balloon grows, the

radius increases and the balloon wall thickness decreases. This results in a rapid
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increase in the wall hoop stress during constant pressure blowing. If the wall hoop
stress of the growing balloon exceeds the ultimate hoop strength of the material,
rupture will occur. As a result, there is a limit to the BUR (i.e., a maximum
attainable BUR) of a polymeric material forming the balloon layer(s).

In the design of catheter balloons, balloon characteristics such as strength,
flexibility and compliance must be tailored to provide optimal performance for a
particular application. Angioplasty and stent delivery balloons preferably have high
strength for inflation at relatively high pressure, and high flexibility and softness for
improved ability to track the tortuous anatomy and cross lesions. The balloon
compliance, which depends on factors such as the nature of the balloon material,
the balloon wall thickness, and processing conditions, is chosen so that the balloon
will have a desired amount of expansion during inflation. Compliant balloons, for
example balloons made from materials such as polyethylene, exhibit substantial
stretching upon the application of tensile force. Noncompliant balloons, for
example balloons made from materials such as PET, exhibit relatively little
stretching during inflation, and therefore provide controlled radial growth in
response to an increase in inflation pressure within the working pressure range.
However, noncompliant balloons generally have relatively low flexibility and
softness, so that it has been difficult to provide a low compliant balloon with high
flexibility and softness for enhanced catheter trackability. A balance is typically
struck between the competing considerations of softness/flexibility and
noncompliance, which, as a result, has limited the degree to which the compliance
of catheter balloons can be further lowered.

Therefore, what has been needed is a catheter balloon with very low
compliance, yet with excellent ability to track within the patient’s vasculature and
cross lesions therein. The present invention satisfies these and other needs.

SUMMARY OF THE INVENTION

The invention is directed to a balloon catheter having a multilayered balloon
which has a first layer and at least a second layer, and which has noncompliant

Jimited radial expansion beyond the nominal diameter of the balloon. By selecting
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the polymeric materials forming the balloon layers, and arranging and radially
expanding the multiple layers of the balloon in accordance with the invention, a
balloon is provided having an improved low compliance, preferably in combination
with high flexibility and softness.

A multilayered balloon of the invention is preferably formed in whole or in
part of coextruded polymeric tubular layers, and provides for ease of manufacture
of the balloon and balloon catheter formed therefrom. The multilayered balloon is
typically formed by conventional blow-molding in which a multilayered polymeric
tube is radially expanded within a balloon mold. The resulting multilayered balloon
has an inflated shape which corresponds to the inner surface of the mold and which
has a diameter about equal to the inner diameter of the balloon mold, commonly
referred to as the balloon’s nominal working diameter. The nominal pressure is the
inflation pressure required to fill the balloon to the nominal working diameter. In
accordance with the invention, the balloon expands a very small amount (i.e.,
noncompliantly) at pressures above the nominal pressure. As a result, the balloon
minimizes injury to a patient’s blood vessel, which can otherwise occur if the
balloon continues to expand a substantial uncontrolled amount at increasing
inflation pressures above nominal.

As discussed above, the blow-up-ratio (BUR) of the balloon formed from a
polymer tube should be understood to refer to the ratio of the outer diameter of the
blown balloon expanded within the mold (i.e., the mold inner diameter) to the inner
diameter of the polymer tube prior to being expanded in the mold. Each individual
layer of the multilayered balloon similarly has its own BUR based on the ratio of
the inner diameter of the mold and the inner diameter (prior to expansion in the
mold) of the layer of the polymeric tube. For a given balloon wall thickness, the
rupture strength generally increases and the radial compliance decreases as the
balloon BUR increases. For standard pressure driven blow molding of catheter
balloons, typical BURs range from about 4.5 to about 8.0 depending on the material
and the product application.
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A method of making a balloon of the invention increases the amount of
balloon material that is highly oriented in the radial direction, to provide a balloon
with limited radial expansion at increasing inflation pressures (i.e., to provide a
noncompliant balloon). Specifically, a multilayered balloon of the invention has
polymeric materials that can be expanded to higher BURs as the inner layer(s) of
the balloon, while lower BUR materials are the outer layer(s) of the balloon. In a
presently preferred embodiment, the balloon has a first layer of a first polymeric
material and a second layer of a second polymeric material which has a lower Shore
durometer hardness than the first polymeric material and which can be expanded
during balloon blowing to a higher BUR (without rupturing or tearing) than the
higher Shore durometer hardness material of the first layer, and the second layer is
an inner layer relative to the first layer. For example, one embodiment, the
multilayered balloon inner layer is formed of a polyether block amide (PEBA)
material (e.g., commercially available as PEBAX®) having a Shore durometer
hardness of about 60-70D while the outer layer is formed of a PEBA material
having a higher Shore durometer hardness of about 70-72D. However, a variety of
suitable materials can be used including materials which are of the same material
classification/family, or different classes of materials. The multilayered balloon
generally has two or more layers (i.e., layers formed of materials which differ n

some respect such as different Shore durometer hardnesses), although it typically

" does not have more than five layers.

Despite presence of the lower durometer material forming the second (inner)
layer of the multilayered balloon, a first embodiment of the invention provides a
balloon which has a very low compliance. For example, a balloon of the invention
having a first (outer) layer of a first durometer, and one or more inner layer(s) of
successively lower durometers (i.e., increasingly softer materials), has a lower
compliance than a balloon having about the same wall thickness but formed of
100% of the highest durometer material (i.e., the material forming the outer-most
layer of the balloon of the invention). Compared to a balloon formed of 100% of the

highest durometer material, a balloon of the invention has effectively replaced a
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part of the balloon wall thickness with the layer(s) of lower durometer (softer)
material(s), which would typically be expected to increase the compliance. While
not wishing to be bound by theory, it is believed that the balloon provides the
noncompliant behavior through the specific combination of highly oriented layers
of the balloon, and particularly by maximizing the orientation of the inner layer(s)
of the balloon. The inner layer orientation significantly affects compliance of the
balloon. By selecting and arranging different materials that can be blown to
different BURs in accordance with the invention, the balloon has layers with
successively increasing BURs from the outer to the inner layer(s), such that the
BUR of each layer is preferably maximized and the inner layer(s) have particularly
high BURs. The layers of the balloon are therefore optimized for compliance
purposes. Although additional layers may be added to the balloon, to, for example,
increase the total wall thickness to a desired value, the arrangement of the basic
layers in accordance with the invention cannot be varied without resulting in a
higher compliance balloon.

Additionally, the invention can alternatively provide for a balloon with a low
compliance but with very thin walls. For example, one embodiment is directed to a
multilayered balloon having a first (outer) layer of a first durometer material and
one or more inner layer(s) of successively lower durometer materials which has a
compliance not substantially greater than (e.g., not more than about 10% to about
20% greater than), and preferably about equal to a balloon which is formed of
100% of the highest durometer material but which has a larger wall thickness than
the multilayered balloon of the invention. The embodiment of the balloon having a
very thin total wall thickness provides an improved low profile and flexibility due
to the thinner walls of the balloon, but, in accordance with the invention,
nonetheless continues to provide a low compliance despite the thin wall.

The rupture pressure and compliance of a balloon are affected by the
strength (e.g., hoop strength) of a balloon. Because a softer material generally has a
relatively lower hoop strength, the presence of the lower durometer material

forming the inner layer(s) of the balloon is not generally expected to provide a
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relatively higher modulus balloon. However, a multilayered balloon of the
invention preferably has a higher modulus than, and a rupture pressure which is not
substantially less than, a balloon formed of 100% of the highest durometer material.

The presence of the lower durometer material inner layer(s) does provide
layers of increased softness, and therefore preferably provides a balloon that is
softer and more flexible than a balloon formed of 100% of the highest durometer
material.

Prior multilayered balloons with layers of polymers having different
strengths/softnesses typically arrange the layers so that the durometer hardnesses
decreased from the inner to the outer layer, for various balloon design
considerations. For example, lower durometer (softer) materials are typically
preferred as outer layers for design considerations such as pinhole resistance, stent
retention, and the like. In contrast, a balloon of the invention arranges layers so that
the highest durometer material has on an inner surface thereof a layer of a lower
durometer material, and configures the layers to provide for a maximized BUR
which produces an improved combination of characteristics including a very low
compliance. However, with the inner layer(s) of the balloon of the invention
optimized for compliance purposes as discussed above, one embodiment of a
balloon of the invention has an outer-most layer of a relatively soft material, to, for
example, enhance stent retention.

The compliance of the balloon should be understood to refer to the degree to
which the polymeric wall of the balloon stretches/distends as the balloon expands
beyond the nominal diameter of the balloon. The compliance curve expresses the
balloon outer diameter as a function of increasing inflation pressure in
millimeters/atmospheres (mm/atm), so that a steeper curve or section of the curve
indicates a higher compliance than a flatter curve. The term "noncompliant”,
should be understood to mean a balloon with compliance of not greater than about
0.03 mm/atm, preferably not greater than about 0.025 mm/atm. In contrast,
compliant balloons typically have a compliance of greater than about 0.045

mm/atm. A noncompliant balloon of the invention generally has a compliance
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above nominal of about 0.01 to about 0.02 mm/atm, for a 3.0 mm diameter balloon.
The compliance of the balloon is typically about 25% to about 50% less than the
compliance of a balloon with a similar wall thickness but made from 100% of the
first (e.g., highest durometer) material.

In a presently preferred embodiment, the polymeric material of the first layer
and the polymeric material of the second layer of the multilayered balloon are
elastomers, which typically have a lower flexural modulus than nonelastomers.
Elastomeric polymers suitable for forming the first and/or second layer of the
multilayered balloon typically have a flexural modulus of about 40 kpsi to about
110 kpsi. Thus, unlike nonelastomeric materials such as PET which have been used
in the past to provide relatively low compliance catheter balloons, the multilayered
noncompliant balloon of the invention is preferably formed of one or more
elastomers which provide for improved balloon flexibility.

One aspect of the invention is directed to a method of making a non-
compliant multilayered balloon for catheter. The method generally comprises
selecting a first and a second polymeric material, the second polymeric material
having been determined to have a higher maximum attainable BUR than the first
polymeric material, and forming a multilayered tube having a first layer of the first
polymeric material, and a second layer of the second polymeric material wherein
the second layer is an inner layer relative to the first layer. The maximum
attainable BUR of a polymeric material is typically determined experimentally,
although characteristics such as the ultimate tensile strength and elongation to break
of the material maybe indicative at least for some materials (e.g., a material having
a relatively higher ultimate tensile strength and elongation to break is expected, in
general, to have a higher maximum BUR). The inner diameter of each layer of the
multilayered tube is selected so that the ratio of the inner diameter of the balloon
mold and the inner diameter of the layer of the multilayered tube (prior to being
radially expanded in the balloon mold) is substantially at a maximum blow-up-ratio
for the polymeric material forming the layer. Thus, the method includes forming

the blow-molded multilayered balloon by radially expanding the multilayered tube



10

15

20

25

WO 2007/075256 PCT/US2006/045826

in a mold, so that radially expanding the tube to the mold inner diameter radially
expands each layer substantially to the maximum blow-up-ratio of the polymeric
material forming the layer, such that the multilayered balloon has a lower
compliance above the nominal working diameter than a balloon consisting of the
first elastomeric polymeric material.

Various designs for balloon catheters well known in the art may be used mn
the catheter system of the invention. For example, conventional over-the-wire
balloon catheters for aqgioplasty or stent delivery usually include a guidewire
receiving lumen extending the length of the catheter shaft from a guidewire
proximal port in the proximal end of the shaft to a guidewire distal port in the
catheter distal end. Rapid exchange balloon catheters for similar procedures
generally include a relatively short guidewire lumen extending from a guidewire
port located distal to the proximal end of the shaft to the catheter distal end.

The multilayered balloon of the invention provides a very low compliance
for controlled balloon expansion, without compromising relatively high flexibility
and softness for excellent ability to track the patient's vasculature and cross lesions.
As a result, the balloon catheter of the invention has improved performance due to
the flexibility, softness, and controlled expansion of the balloon. The balloon
provides the surprising result of a very low compliance from the addition of the
lower durometer (softer) second material. Consequently, a multilayered balloon of
the invention will provide a much lower compliance than a balloon with the same
wall thickness but made from just the higher durometer (stiffer) material, or will
provide a much thinner walled balloon but without the expected increase in
compliance. These and other advantages of the invention will become more
apparent from the following detailed description of the invention and the
accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is an elevational view, partially in section, of an over-the-wire

type stent delivery balloon catheter embodying features of the invention.
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FIGURES 2 and 3 are transverse cross sectional views of the catheter of Fig.
1, taken along lines 2-2 and 3-3, respectively.

FIGURE 4 illustrates the balloon catheter of Fig. 1 with the balloon inflated.

FIGURE 5 is a longitudinal cross sectional view of multilayered balloon
tubing in a balloon mold prior to being radially expanded therein, in a method
embodying features of the invention.

FIGURE 6 is graphical compliance data, with balloon diameter measured in
millimeters as the ordinate and inflation pressure measured in atmospheres as the
abscissa, comparing a multilayered balloon of the invention with a single layered
balloon formed of 100% of the highest durometer material.

FIGURE 7 is graphical modulus data, with balloon modulus in kpsi as the
ordinate and inflation pressure measured in atmospheres as the abscissa, comparing
a multilayered balloon of the invention with a single layered balloon formed of
100% of the highest durometer material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a stent delivery balloon catheter 10 which embodies features
of the invention, generally comprising an elongated catheter shaft 11 having a
proximal shaft section 12, a distal shaft section 13, an inflation lumen 21, and a
guidewire lumen 22 configured to slidably receive a guidewire 23 therein, and
having a balloon 14 mounted on the distal shaft section. An adapter 17 on a
proximal end of the catheter shaft provides access to the guidewire lumen 22, and
has an arm 24 configured for connecting to a source of inflation fluid (not shown).
Fig. 1 illustrates the balloon in a noninflated configuration for advancement within
a patient’s body lumen 18. A radially expandable stent 16 is releasably mounted on
the balloon 14 for delivery and deployment within the body lumen 18. The balloon
catheter 10 is advanced in the body lumen 18 with the balloon 14 in the noninflated
configuration, and the balloon inflated by introducing inflation fluid into the
balloon interior to expand the balloon 14 and stent 16 mounted thereon. Fig. 4
illustrates the balloon catheter 10 with the balloon in the inflated configuration to
expand the stent against the wall of the body lumen 18. The balloon 14 is then
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deflated to allow for repositioning or removal of the catheter from the body Iumen
18, leaving the stent 16 implanted in the body lumen 18.

In the illustrated embodiment, the shaft comprises an outer tubular member
19 defining the inflation lumen 21, and an inner tubular member 20 defining the
guidewire lumen 22 and positioned in the outer tubular member 19 such that the
inflation lumen 21 is the annular space between the inner surface of the outer
tubular member 19 and the outer surface of the inner tubular member 20, as best
shown in Fig. 2 illustrating a transverse cross section of the catheter of Fig. 1, taken
along line 2-2. The balloon 14 has a proximal skirt section sealingly secured to the
distal end of the outer tubular member 19, and a distal skirt section sealingly
secured to a distal end of the inner tubular member 20, so that an interior 15 of the
balloon is in fluid communication with the inflation Jumen 21 of the shaft. Fig. 3
illustrates a transverse cross section of the catheter of Fig. 1, taken along line 3-3,
although the space between the inner surface of the noninflated balloon and the
outer surface of the portion of the shaft 11 therein is somewhat exaggerated in Figs.
1 and 3, for ease of illustration. A variety of alternative suitable catheter shaft
configurations can be used as are conventionally known.

Although not illustrated, the balloon 14 of the invention typically has a
noninflated configuration with wings wrapped around the balloon to form a low
profile configuration for introduction and advancement within a patient’s body
lumen. As a result, the balloon inflates to a nominal working diameter by unfolding
and filling the molded volume of the balloon.

Balloon 14 has a first layer 30, and a second layer 31 which is an inner layer
relative to the first layer 30. In the illustrated embodiment, the second layer 31 is
on an inner surface of the first layer 30, with the first layer 30 defining an outer
surface of the balloon 14 and the second layer 31 defining an inner surface of the
balloon 14. However, the balloon 14 of the invention can alternatively have one or
more additional layers (not shown). Additional layer(s) increase the dimensions of
the tube/balloon formed therefrom to a desired value, and/or can be used to provide

an inner or outer surface of the balloon with a desired characteristic. Therefore, it
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12
should be understood that the balloon 14 of the invention discussed below has at
least two layers, and optionally includes one or more additional layers, unless
otherwise noted as having a specified set number of layers.

The first (outer) layer 30 is formed of a first polymeric material, and the
second (inmer) layer 31 is formed of a second polymeric material that can be
expanded to a higher BUR than the first polymeric material. The second (inner)
layer 31 is at a BUR which is typically about 15% to about 40% greater than the
BUR of the first (outer) layer 30. Each layer 30, 31 is preferably at its maximum
BUR, so that the balloon has layers of highly oriented material and, consequently, a
very low compliance.

A variety of suitable materials can be used to form the first and second layers
30, 31, including polyamides, polyurethanes, and polyesters. In a presently
preferred embodiment, the first and second polymeric materials are elastomers
providing a relatively low flexural modulus for balloon flexibility, although
nonelastomers can alternatively be used. Presently preferred materials are from the
same polymeric family/class such as polyamides including nylons and polyether
block amides (PEBAX). Forming the layers of compatible polymeric materials
allows for heat fusion bonding the layers together. The layers can alternatively be
formed of different polymer classes which are not sufficiently compatible to fusion
bond together, in which case a tie layer is typically provided between the outer and
inner layers 30, 31 to bond the balloon layers together. For example, a PET inner
layer and a PEBAX typically have a tie layer of an adhesive polymer such as
Primacor (a functionalized polyolefin) therebetween.

The balloon 14 is formed by a method in which the layers of material that
can be expanded to higher BURs are the inner layers of the balloon tubing, and
lower BUR materials are the outer layers, and the balloon is blow-molded such that
each layer is optimized for radial orientation. The resulting balloon has an
increased resistance to radial expansion at increasing inflation pressures.

The balloon 14 is blow-molded from a multilayered tube which has the first

layer 30, and the second layer 31 as an inner layer relative to the first layer 30.
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However, as discussed above, a balloon of the invention may have one or more
additional layers, so that the tubing used to blow-mold the balloon would similarly
be formed with the additional layer(s). The tube is typically formed by coextrusion,
although a variety of suitable method may be used. For example, in one
embodiment, a multilayered tube is formed by coextruding at least two layers, and
one or more additional layers are added to the coextruded tube for example by heat
shrinking, dip coating, adhesive or fusion bonding, or frictionally engaging the
additional layer(s) to the coextruded tube.

The multilayered tube is then radially expanded in a balloon mold to form
the balloon 14. Fig. 5 illustrates the multilayered tube 40 in a balloon mold 41
having an interior chamber 42 with a shape configured to form the balloon 14, and
an inner diameter about equal to the nominal working diameter of the expanded
balloon 14. The multilayered tube 40 is typically stretched axially and heated
during blow molding in the balloon mold, as is conventionally known. For
example, in one embodiment, the tube is longitudinally stretched by about 200%
during blow molding, which produces a biaxially oriented balloon. The single wall
thickness of the tube (prior to being radially expanded in the mold) is about 0.1 to
about 0.4 mm, and the single wall thickness of the resulting balloon (radially
expanded in the mold) is about 0.01 to about 0.04 mm, depending on the desired
balloon characteristics and uses.

The materials and dimensions of the multilayered tube 40 and balloon mold
41 are selected so that each layer of the resulting balloon has been radially
expanded to substantially its maximum possible amount, expressed as the BUR of
the balloon layers. In a presently preferred embodiment, the outer layer 30 has a
higher Shore durometer hardness and therefore lower elongation than the one or
more inner layers. The elongation of each layer is typically about 10% to about
50%, and more specifically about 20% more than the elongation of the outer layer
immediately adjacent thereto.

In a presently preferred embodiment, the first (outer) layer 30 is a PEBAX

having a Shore durometer hardness of about 72D, and the second (inner) layer 31 is
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a PEBAX having a Shore durometer hardness of about 63D. The PEBAX 72D
outer layer 30 typically has a BUR of between about 6 and 7, and the PEBAX 63D
inner layer 31 a BUR of between about 7 and 8.

In one embodiment, a mid layer (not shown) of intermediate BUR and/or
durometer hardness is provided between the outer and inner layers 30, 31. For
example, in one presently preferred embodiment, the balloon 14 has a first, outer
layer 30 of PEBAX 72D, a second, inner layer 31 of PEBAX 63D, and a midlayer
(not shown) therebetween of PEBAX 70D. In a presently preferred embodiment,
the inner and mid layers have a smaller wall thickness than the highest durometer
layer therearound, and typically together make up about 5% to about 15% of the
total wall thickness of the multilayered balloon. The balloon 14 can similarly have
one or more additional layers (not shown) which similarly continue the pattern of
sequentially increasing BUR and/or durometer from the inner toward the outer
layers of the balloon. However, in one embodiment, the balloon 14 has a relatively
soft outer-most layer (not shown) having a Shore durometer hardness less than the
immediately adjacent inner layer of the balloon, which facilitates embedding the
stent 16 into the outer surface of the balloon for improved stent retention. Such a
relatively soft outer-most layer typically has of a relatively low Shore durometer
hardness of about 40D to about 55D.

The multilayered balloon of the invention has a low compliance, and a
relatively high rupture pressure, particularly when compared to a balloon of
otherwise similar construction but formed solely of the highest durometer material
used to make the multilayered balloon of the invention (e.g., a 72D PEBAX outer
layer of multilayered balloon 14), or compared to a balloon formed of layers of
different durometer materials but not layered in accordance with the invention. The
compliance is typically determined for the pressure range extending from the
nominal pressure (i.e., the pressure required to fill the molded volume of the
balloon to the blow-molded nominal diameter) to the burst pressure or the rated

burst pressure of the balloon. The rated burst pressure (RBP), calculated from the
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average rupture pressure, is the pressure at which 99.9% of the balloons can be
pressurized to without rupturing, with 95% confidence.

The multilayered balloon 14 has a nominal pressure of about 6 to about 12
atm, and more typically of about 7 to about 9 atm, and a RBP of about 14 to about
22 atms, more typically about 18 to about 20 atms. The rupture pressure is
typically about equal to, greater than, or not substantially less than (i.e., not more
than about 5% to about 15% less than) a rupture pressure of a balloon of otherwise
similar construction but formed solely of the highest durometer material.

In one embodiment, a multilayered balloon of the invention having at least a
72D PEBAX outer layer and a 63D PEBAX inner layer reaches the nominal
diameter of the balloon at about 8 to about 9 atm, and thereafter stretches in a
noncompliant manner with a compliance of about 0.01 to about 0.02 mm/atm
within the working pressure range (e.g., 8-20 atm) of the multilayered balloon to a
diameter which is not more than about 8% greater than the nominal diameter.

Due to the presence of the softer durometer inner layer(s), the flexural
modulus of a multilayered balloon of the invention is expected generally to be
about 90% to about 95% of the flexural modulus of a balloon consisting of the first

(e.g., higher durometer) eclastomeric polymeric material of the layer 30.

EXAMPLE

Multilayered balloon tubing, formed by coextrusion, had overall dimensions
of 0.0155 inch inner diameter (ID) and 0.0365 inch outer diameter (OD). The
tubing had an inner layer of 63D PEBAX with a wall thickness 0.001 inches, a
midlayer of 70D PEBAX with a wall thickness of 0.001 inches, and an outer layer
of 72D PEBAX with a wall thickness of 0.0085 inches. Wall thickness values are a
single wall thickness, unless otherwise identified as a double wall thickness (DWT).
The tubing was blow-molded by heating and pressurizing the tubing in a 0.1215
inch ID balloon mold in a single blow cycle, resulting in a multilayered balloon
having an average wall thickness (DWT) of 0.00163 inches and the following
BURs for the balloon layers: 63D Inner Layer ID of 0.0155 inch gives a BUR of



10

15

20

25

30

WO 2007/075256 PCT/US2006/045826

16

7.83 (0.1215/0.0155); 70D midlayer ID of 0.0175 inch gives a BUR of 6.94
(0.1215/0.0175); and 72D outer layer ID of 0.0195 inch gives a BUR of 6.23
(0.1215/0.0195).  The calculated BUR value of balloons may vary slightly
depending on whether the ID of the mold or the OD of the balloon at blow is used
for the calculation. The resulting multilayered balloon had overall dimensions of
about 0.1214 inch ID and 0.1230 inch OD.

The compliance and modulus of the multilayered balloon were compared to
a comparison balloon similarly formed and with approximately the same wall
thickness but from a single layer (100%) of the 72D PEBAX. The comparison
balloon was blow-molded in a 0.1250 inch ID balloon mold, using balloon tubing
extruded to a 0.0190 inch ID and a 0.0365 inch OD, to form a balloon having the
desired wall thickness. The resulting balloon had an average wall thickness of
0.00165 inches and a BUR of 6.58 (0.1250/0.0190). The multilayered balloon of
the invention and the comparison monolithic balloon each had a nominal pressure
of about 8 atm, and a burst pressure of greater than 20 atm, and more specifically,
an average rupture pressure of about 25 atm. The compliance curves of the
multilayered balloon and the comparison monolithic balloon are shown in Fig. 6,
and are generated by inflating a balloon subassembly and measuring the change in
the balloon outer diameter in response to increasing inflation pressures.

As illustrated in Fig. 6, the compliance from nominal (8 atm) to 20 atm is
about 0.018 mm/atm for the multilayered balloon of the invention, compared to
about 0.028 mm/atm for the monolithic comparison balloon. Thus, despite the
presence of the lower durometer material mid and inner layers, such that the 72D
PEBAX made up a smaller percentage of the wall thickness of the balloon than in
the monolithic balloon made solely of 72D PEBAX, the multilayered balloon of the
invention had a lower compliance. Specifically, the outer layer of PEBAX 72D
made up about 87% of the wall thickness of the multilayered balloon, compared to
100% of the monolithic balloon. Similarly, Fig. 7 illustrates the incremental
modulus comparison (modulus value from P, to Pp) of a trilayered Pebax

63D/70D/72D balloon of the invention and a monolithic Pebax 72D comparison
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balloon. The modulus of the multilayered balloon of the invention, illustrated
graphically in Fig. 7, is higher than the modulus of the monolithic comparison
balloon. The modulus values are derived from the compliance curve data, and are

specifically determined from the equation

E= ((PnHD n+1)/ DWT o+l ™ (PnDn)/ DWTn) - (Dn+l - Du)/ Dn

where E is modulus, P is inflation pressure, D is diameter, and DWT 1is
double wall thickness.

The BUR of the 72D PEBAX outer layer of the trilayer balloon of the
invention is less than the BUR of the monolithic 72D PEBAX balloon. However,
the multilayered balloon of the invention facilitates expanding the lower durometer
inner layers to relatively high BURs, and provides a balloon with an overall BUR
that is relatively high. The inner and mid layers are at relatively high BURs of
about 7 to about 8, and preferably are at higher BURs than are possible if
attempting to use the same blow-molding procedure to form a similar balloon but
from 100% of the material of either the inner or the mid layer. For example,
PEBAX 63D extruded to form tubing having an ID of 0.0195 inches and an OD of
0.0355 inches can not be blown into a 0.118 inch ID balloon mold (i.e., a BUR of 6)
in a single blow cycle without rupturing during the blow-molding process.

The absolute average wall thickness of the multilayered balloon in the above
Example was about equal to the wall thickness of the monolithic balloon, allowing
for a direct comparison of the compliance and modulus of the balloons. However,
it should be understood that the wall thickness of the multilayered balloon of the
invention could alternatively have been made less, so that the compliance and
modulus comparisons would have been based on normalized wall thicknesses.

The dimensions of catheter 10 are determined largely by the size of the
balloon and guidewire to be employed, the catheter type, and the size of the artery
or other body lumen through which the catheter must pass or the size of the stent
being delivered. Typically, the outer tubular member 19 has an outer diameter of
about 0.025 to about 0.04 inch (0.064 to 0.10 cm), usually about 0.037 inch (0.094

cm), and the wall thickness of the outer tubular member 19 can vary from about
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0.002 to about 0.008 inch (0.0051 to 0.02 cm), typically about 0.003 to 0.005 inch
(0.0076 to 0.013 cm). The inner tubular member 20 typically has an inner diameter
of about 0.01 to about 0.018 inch (0.025 to 0.046 cm), usually about 0.016 inch
(0.04 cm), and a wall thickness of about 0.004 to about 0.008 inch (0.01 to 0.02
cm). The overall length of the catheter 10 may range from about 100 to about 150
cm, and is typically about 143 cm. Preferably, balloon 14 has a length about 0.8
cm to about 6 cm, and an inflated working diameter of about 2 to about 5 mm.

The various components may be joined using conventional bonding methods
such as by fusion bonding or use of adhesives. Although the shaft is illustrated as
having an inner and outer tubular member, a variety of suitable shaft configurations

may be used including a dual lumen extruded shaft having a side-by-side lumens

extruded therein. Similarly, although the embodiment illustrated in Fig. 1 is an

over-the-wire type stent delivery balloon catheter, the catheter of this invention may
comprise a variety of intravascular catheters, such as a rapid exchange type balloon
catheter. Rapid exchange catheters generally comprise a shaft having a relatively
short guidewire lumen extending from a guidewire distal port at the catheter distal
end to a guidewire proximal port spaced a relatively short distance from the distal
end of the catheter and a relatively large distance from the proximal end of the
catheter.

While the present invention is described herein in terms of certain preferred
embodiments, those skilled in the art will recognize that various modifications and
improvements may be made to the invention without departing from the scope
thereof. Moreover, although individual features of one embodiment of the
invention may be discussed herein or shown in the drawings of the one embodiment
and not in other embodiments, it should be apparent that individual features of one
embodiment may be combined with one or more features of another embodiment or

features from a plurality of embodiments.
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What is claimed is:

1. A balloon catheter, comprising:

a) an elongated catheter shaft having a proximal end, a distal end, and an
inflation lumen; and

b) a multilayered balloon on a distal section of the shaft having an
interior in fluid communication with the inflation lumen, and having a first layer of
a first elastomeric polymeric material, and a second layer of a second elastomeric
polymeric material having a lower Shore durometer hardness than the first material
and being an inner layer relative to the first layer, the balloon being formed by
blow-molding such that the balloon inflates to a nominal working diameter, and the
multilayered balloon has a compliance above the nominal diameter that is less than
or equal to a balloon which consists of the first elastomeric polymeric material and
which has a wall thickness which is the same or greater than the multilayered
balloon.

2. The balloon catheter of claim 1 wherein the multilayered balloon first
layer is a polyether block amide having a Shore durometer hardness of about 70D to
about 72D.

3. The balloon catheter of claim 2 wherein the multilayered balloon
second layer is a polyether block amide having a Shore durometer hardness of
about 60D to about 70D.

4. The balloon catheter of claim 1 wherein the first layer is directly
bonded to the second layer.

5. The balloon catheter of claim 1 including a third layer of a third
polymeric material between the first and second layers, having a Shore durometer
hardness between the Shore durometer hardnesses of the first and second
elastomeric polymeric materials.

6. The balloon catheter of claim 5 wherein the first, second, and third

polymeric materials are polyamides.
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7. The balloon catheter of claim 5 wherein the multilayered balloon
includes one or more additional polymeric layers.
8. The balloon catheter of claim 5 wherein the multilayered balloon

includes an outer-most layer of a relatively low Shore durometer hardness
elastomeric polymeric material having a Shore durometer hardness less than the
first layer of the multilayered balloon.

0. The balloon catheter of claim 1 wherein the balloon catheter is a stent
delivery catheter, and including an expandable stent mounted on the balloon for
delivery and deployment within a patient’s body lumen.

10.  The balloon catheter of claim 1 wherein the multilayered balloon has
a modulus higher than a modulus of the balloon consisting of the first elastomeric
polymeric material.

11.  The balloon catheter of claim 1 wherein the multilayered balloon has
a rupture pressure greater than, equal to, or not substantially lower than the balloon
consisting of the first elastomeric polymeric material

12.  The balloon catheter of claim 1 wherein the multilayered balloon
compliance from nominal to a rated burst pressure is less than about 0.03 mm/atm,
so that the multilayered balloon is noncompliant.

13.  The balloon catheter of claim 1 wherein the multilayered balloon wall
thickness is about equal to the balloon consisting of the first elastomeric polymeric
material.

14.  The balloon catheter of claim 13 wherein the multilayered balloon
compliance from nominal to a rated burst pressure is less than the compliance of the
balloon consisting of the first elastomeric polymeric material, and is less than about
0.02 mm/atm, so that the multilayered balloon is noncompliant.

15. A balloon catheter, comprising:

a) an elongated catheter shaft having a proximal end, a distal end, and an
inflation lumen; and |

b) a multilayered balloon on a distal section of the shaft having an

interior in fluid communication with the inflation lumen, and having a first layer of
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a first polyether block amide elastomeric polymeric material having a Shore
durometer hardness of about 72D, and a second layer of a second polyether block
amide elastomeric polymeric material having a Shore durometer hardness of about
63D and being an inner layer relative to the first layer, and a mid layer of a third
polyether block amide elastomeric polymeric material having a Shore durometer
hardness of about 70D, the multilayered balloon being formed by blow-molding
such that the balloon inflates to a nominal working diameter, and the multilayered
balloon has a compliance above the nominal diameter that is less than or equal to a
balloon which consists of the first elastomeric polymeric material and which has a
wall thickness which is the same or greater than the multilayered balloon.

16.  The balloon catheter of claim 15 wherein the multilayered balloon
compliance from nominal to a rated burst pressure is less than about 0.02 mm/atm.

17.  The balloon catheter of claim 15 wherein the multilayered balloon

| compliance from nominal to a rated burst pressure is not greater than about 0.018

mm/atm.

18.  The balloon catheter of claim 15 wherein the multilayered balloon
includes a fourth elastomeric polymeric layer.

19. A method of making a multilayered balloon for a catheter, having a
blow-molded nominal working diameter and a noncompliant radial expansion
above the nominal working diameter, comprising:

a) selecting a first and a second polymeric material, the second
polymeric material having a maximum blow-up-ratio higher than the first polymeric
material, and forming a multilayered tube having an inner diameter, an outer
diameter, a first layer of the first polymeric material having an inner diameter, and a
second layer of the second polymeric material having an inner diameter and being
an inner layer relative to the first layer;

b) forming the blow-molded multilayered balloon by radially expanding
the multilayered tube in a balloon mold having an inner diameter selected so that
the ratio of the inner diameter of the mold and the inner diameter of each layer of

the multilayered tube before being radially expanded in the mold is substantially at
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the maximum blow-up-ratio of polymeric material forming the layer, so that
radially expanding the tube to the mold inner diameter radially expands each layer
substantially to the maximum blow-up-ratio of the polymeric material forming the
layer, such that the multilayered balloon has a compliance above the nominal
diameter that is less than or equal to a balloon which consists of the first polymeric
material and which has a wall thickness which is the same or greater than the
multilayered balloon.

20.  The method of claim 19 wherein the second polymeric material has a
lower Shore durometer hardness than the first material, and wherein radially
expanding the multilayered tube comprises radially expanding the first layer to a
BUR of about 6 to 7, and radially expanding the second layer to a BUR of about 7
to 8.

21.  The method of claim 20 wherein the first and second polymeric

materials are elastomers and the multilayered tube is formed by coextrusion.
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